Abstract: Several previous studies have evaluated the usefulness of plain abdominal radiographs for the diagnosis of pediatric intussusception, although investigation of the most specific clues to diagnose intussusception has not been studied alone. The 3 most specific findings of intussusception include intraluminal mass or intussusceptum, nonvisualized air-filled cecum, and obscured liver margin or right upperquadrant mass. In this study, a retrospective review of 73 known cases of intussusception with age-and sex-matched controls was performed. The cases were reviewed by 2 blinded, board-certified pediatric radiologists to aid in the determination of sensitivity and specificity. The sensitivity and specificity of plain radiographs to correctly diagnose ileocolic intussusception in pediatric patients compared with a control population were 77% and 97%, using a 50% or greater receiver operating characteristic curve cutoff.
A bdominal radiographs are often the first imaging study performed when pediatric patients present with nonspecific abdominal complaints concerning for intussusception. Ileocolic intussusceptions classically present with the triad of abdominal pain, currant jelly stools, or hematochezia, and palpable abdominal mass. However, fewer than 50% of children with intussusception have this constellation of findings. 1 The inability of young, and often nonverbal, patients to relate symptoms along with frequent atypical and vague presentations ranging from episodic pain to shock necessitates imaging in most cases. Plain radiographs are often requested to determine if bowel obstruction is present and to search for free intraperitoneal air. When used alone, abdominal radiography has a sensitivity of 45% in detecting intussusceptions. 2 One author has stated that radiographs are able to diagnose intussusception in only 29% of cases. 3 However, the same study suggests that visualization of air and/or stool within the ascending colon and cecum can increase the utility of abdominal radiographs.
The more specific findings of intussusception include intraluminal mass or visualized intussusceptum, nonvisualized air-filled ascending colon/cecum, and obscured liver margin or right upper-quadrant mass.
A delayed diagnosis of intussusception can lead to potentially catastrophic sequelae including, but not limited to, perforation, obstruction, sepsis, bowel ischemia and necrosis, and/or death. Because findings on abdominal radiographs are generally available before other imaging studies (ultrasound [US] and contrast enema) have been performed, identification of specific radiographic findings to diagnose intussusception can lead to a more rapid treatment, thus potentially reducing morbidity and mortality in some cases.
METHODS
All pediatric patients presented to the local universityaffiliated children's hospital emergency department with abdominal complaints (pain, vomiting, and distension) during a 12-month period (January 1 to December 31, 2006). Each patient underwent abdominal imaging using standard protocols including abdomen 2 or 3 views (anteroposterior/lateral/ decubitus), acute abdominal series (erect anteroposterior chest/ abdomen 2 views), or abdomen 1 view (KUB [kidney, ureter, bladder]). Digital images were sent to the PACS systems and made available for review. The radiographs of 73 male and female patients who were successfully diagnosed and treated for intussusception were selected along with age-matched controls for a total of 146 patients in this study. Ages ranged from 1 to 61 months (mean, 17 months).
Data were collected, after approval from the institutional review board, for a retrospective study. Informed consent was not required because the studies were considered to be routine standard of care for pediatric abdominal pain. Radiographs of all 146 cases were independently reviewed by 2 board-certified pediatric radiologists, who were blinded to each other's opinion and final diagnosis. The sensitivity, specificity, and accuracy of the 3 aforementioned signs of intussusception were statistically evaluated. Interpretation of the radiographs included an estimated percentage of likelihood of a diagnosis of intussusception by both radiologists.
Raw data were analyzed by a statistician to determine accuracy, sensitivity, and specificity. Performance and agreement (J coefficient) of the 2 pediatric radiologists were compared using the receiver operating characteristic (ROC) analyzer to discriminate between the correct diagnosis of intussusception versus nonintussusception. For the purposes of this study, and to not miss the important diagnosis of intussusception, a 50% or greater cutoff threshold ROC was used, which had P G 0.05 considered statistically significant. 4 
RESULTS
There were 96 male and 50 female patients in the study and control groups combined. Seventy-three patients in the study group had an age range of 1 to 61 months (mean, 17.07 [SD, 13.97] months). Seventy-three patients in the control group had an age range of 1 to 61 months (mean, 18.41 [SD, 14.69] months).
The sensitivity, specificity, and accuracy for findings of intraluminal mass are 35%, 98%, and 67% (P G 0.05); nonvisualization of the cecum, 58%, 84%, and 71% (P G 0.01); and obscured liver margin or right upper-quadrant mass, 50%, 97%, and 73% (P G 0.001), respectively. Sensitivity, specificity, and accuracy with the presence of any 1 of these 3 findings are 82%, 82%, and 82% ( Figs The sensitivity and specificity of a correct diagnosis of intussusceptions were 77% and 97%, using a cutoff of 50% probability for a diagnosis based on abdominal radiograph interpretation.
Intraluminal mass or intussusceptum was found in 2 (3%) of control and 34 (47%) of study patients, with a total of 36 children (25%) having this finding ( Fig. 1 ). Nonvisualized air-filled cecum was present in 20 (27%) of controls and 57 (78%) of study patients, for a total of 77 children (53%). Obscured liver margin or right upper-quadrant mass was found in 4 (6%) of control and 46 (63%) of study patients, for a total of 50 (34%) children with this finding (Fig. 2) . Tables 1 and 2 detail the true and false positives and negatives as determined by radiologists 1 and 2 for each of the 3 radiographic findings (intraluminal mass, nonvisualized air-filled cecum, and obscured liver margin). These 2 tables also include the number of patients with any of the 3 findings as seen in the last column.
The table values are a result of each radiologist's interpretation of the combined 146 images of children with normal abdominal radiographs and children with intussusceptions.
The values in Tables 1 and 2 are used to calculate the data seen in Tables 3 and 4. Tables 3 and 4 contain the sensitivities, specificities, and accuracies of radiologists 1 and 2 for the 3 radiographic findings (intraluminal mass, nonvisualized air-filled cecum, and obscured liver margin), as well as the presence of any of the 3 findings. Table 5 is then the average of Tables 3  and 4 . It shows the average sensitivity, specificity, and accuracy of the 3 radiographic findings and the presence of any 1 of the 3 findings between radiologists 1 and 2.
The average sensitivity, specificity, and accuracy between the 2 evaluating radiologists for a correct diagnosis are 77% (112/146), 97% (141/146), and 87% (253/292), on the basis of 50% or greater probability of ileocolic intussusceptions. An arbitrary 50% cutoff was used for a diagnosis of intussusception because intussusception is a difficult diagnosis to make on plain radiographs. Thus, a low threshold is needed for an acceptable level of sensitivity so as to minimize the risk of missing children who actually have intussusception. The data in Table 6 provide the numbers to calculate sensitivity, specificity, and accuracy, with the latter 2 labeled on the table. The accuracy is the result of combining these 2 labeled values. The J coefficient was used to determine agreement between the 2 observers (pediatric radiologists). General guidelines of less than 0.2 being poor, 0.2 to 0.4 being fair, 0.4 to 0.6 being moderate, 0.6 to 0.8 being good, and 0.8 to 1.0 being very good agreement. 4 J Coefficients for the various tested findings include 0.59 for intracolonic mass, 0.33 for nonvisualized air-filled cecum, and 0.60 for obscured liver margin or right upper-quadrant mass.
DISCUSSION
The role of abdominal radiographs as a useful tool to diagnose pediatric intussusception has been disregarded in the past as being too nonspecific. Prior similar studies of ileocolic intussusceptions varied in their ability to diagnose ileocolic intussusceptions from 29% to 89%. 1, 3, 5 One recent study was able to positively diagnose intussusceptions 74% of the time and exclude the diagnosis 58% of the time. 3 This study showed 77% sensitivity and 97% specificity when a 50% or greater ROC curve cutoff was used, allowing for a more definitive radiographic diagnosis than prior studies in some cases. The statistical significance of individual common findings was also calculated to determine if any 1 particular finding was more specific for a diagnosis.
Similar to previous studies, this study revealed that an intraluminal mass was identified in 47% of study patients with a high specificity of 98%, making it the most specific finding. Intraluminal mass as a finding of pediatric ileocolic intussusceptions has been as low as 23% 6 and as high as 78% and is generally considered a specific sign of intussusception, manifested as the target sign or meniscus sign. 5 Also similar to previous studies, nonvisualized air-filled cecum (lack of gas in the right colon) was suggestive of intussusception. In the study, 78% of children in the study group had a nonvisualized air-filled cecum with a specificity of 84%. Identification of a cecum filled with gas or feces can virtually exclude the diagnosis of ileocolic intussusception according to some authors. 1, 5 One study found decreased intraluminal air as a finding in 89% of patients with intussusceptions, and in a separate more recent study, this finding was as low as 10%. 7 It should be noted that 45% of children 5 years or younger have their sigmoid colon in the right lower quadrant.
Obscured liver margins resulting from the ileocolic mass effacing the inferior border of the liver was present in 63% of study patients. The specificity of obscured liver margin or right upper-quadrant mass is 97% in this study.
The study suggests that pediatric radiologists may use abdominal radiographs in many cases to determine if further imaging with US is needed or if the patient may proceed directly with therapeutic enema. When the findings of intraluminal mass, nonvisualized air-filled cecum, or obscured liver margin are present along with clinical suspicion, the patient may proceed directly to therapeutic enema as these findings correlate accurately with the diagnosis. The sensitivity, specificity, and accuracy of these 3 findings in correlation to a correct diagnosis with all 3 were 82%. Based on these results, ileocolic intussusceptions can be identified by the pediatric radiologist in the majority of children. The interpreting radiologist must be positive that at least 1 of the 3 diagnostic findings is present to proceed to therapeutic enema without US confirmation of diagnosis.
Ultrasound is preferred in cases of uncertainty; however, treatment can be expedited in cases where the aforementioned specific radiographic findings are present because radiographs are typically available before US images are performed. Although children with intraluminal mass, nonvisualized air-filled cecum, or obscured liver margin visualized on abdominal radiography can be treated with therapeutic enema, foregoing further imaging, US is still useful to confirm the diagnosis of intussusception as well as characterize the intussusception and predict the success or failure of reduction. Specifically, sonographic signs associated with decreased rates of radiographic reduction include the fluid cap sign (which reduces the rate of reduction from 89% to 26% when present), presence of intramural gas (associated with only 20% rate of reduction), presence of subserosal gas (associated with only 44% reduction rate), presence of peritoneal fluid (associated with reduction rate of 32%), and absence of Doppler flow in the bowel wall (associated with a decrease in rate of reduction from 94% to 0%).
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Widespread availability of US, as well as diagnostic enema, has largely replaced plain radiographs as the preferred method of diagnosis, but US is still generally not the first study performed. Ultrasound may be limited by availability after hours, but has nonetheless proven to be a very useful diagnostic tool as it is minimally invasive, fast, and highly sensitive (98Y100%) and specific (88Y100%). 5 Contrast enemas perform a dual function of diagnosis of intussusceptions as well as therapeutic reduction. Because of potential negative effects of contrast enemas such as perforation and radiation exposure, current use has been more therapeutic than diagnostic with increasing US availability. Some centers now provide US-guided therapeutic intussusception reduction, further decreasing radiation exposure.
With 1 of the 3 specific signs present on radiography (intraluminal mass, nonvisualized air-filled cecum, and obscured liver margin), the specificity of a correct diagnosis is increased enough to make the plain radiograph useful. In many cases, this leads to faster enactment of therapeutic intervention by skipping other imaging studies, for which there may or may not be inhouse availability. Again, however, it must be emphasized that US should be performed in cases of uncertainty as it has 98% to 100% sensitivity and 88% to 100% specificity, 5 but can be foregone in most cases with the 3 specific radiographic findings present.
The investigation did not include any cases where therapeutic contrast enema was used for another diagnosis improperly diagnosed as ileocolic intussusception. Selection criteria allowed only cases of successfully reduced intussusceptions, which do not include unnecessary contrast enemas as determined by radiography, if these exist.
Limitations of the study include that it is susceptible to biases associated with retrospective studies. Also, the size of the patient population investigated was modest, limiting the power of the study. The study included image interpretations made by 2 pediatric radiologists from a single institution, making us unable to determine the degree to which these results may apply to other institutions or radiologists. In addition, there may be differences in interpretive certainty between fellowship-trained pediatric radiologists and general diagnostic radiologists who deal primarily with adults. Future investigators could improve the possible deficiencies of this study by using multiple institutions, with multiple radiologist interpretations, and a diverse and large patient population. Such improvements may verify the similar results between both pediatric radiologists or reflect the variability seen in prior studies.
CONCLUSIONS
Intraluminal mass or visualized intussusceptum, nonvisualized air-filled cecum, and obscured liver margin or right upperquadrant mass were all statistically significant findings indicative of intussusception. Abdominal radiography can be used to predict a diagnosis of ileocolic intussusception, with a sensitivity and specificity of 77% and 97% when a high sensitivity cutoff on the ROC curve of 50% is used; however, the film reader should be positive that one of the above listed findings is present to forego US.
